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OBSERVATIONS OF SOME BIOLOGICAL ACTIVITIES 
I N  MANURE COMPOSTS 
ALFRED J .  ENGLEHORN 
Because o f  the importance of  farm manures considerable atten­
tion has been paid from t ime to t ime to a study o f  some o f  the 
chemical and biological processes which take place during storage . 
Early references concerning the proper storage o f  manure can be 
found in the Roman literature notably that of Varro or o f  Col­
umel la .  During the dark ages all agricultural investigations were 
dropped and were not revived until the middle o f  the nineteenth 
century. At this time the work of such investigators as Wagner, 
Moerker, Pfeiffer and Voelcker created a new interest in  the 
chemical and bio logical processes which take place in manures 
when stored and when variously treated. The early work at 
Rothamsted followed the same lines as that conducted by the 
Germans . The practical conclusions which were drawn as a 
result o f the early work in England, Germany and France have 
held to the present day. As a result only a small amount of scien­
tific work concerning the biological processes which take place 
in manure in storage has been done in recent years .  
During the late war the high cost o f  acid phosphate led Lipman 
and his co-workers to investigate the composting of raw rock 
phosphate and sul fu r  with manure and other materials with very 
promising resu lts .  Their reports of  the different investigations 
contain a complete bibl iography upon the subj ect up to the time 
o f  publication.  They investigated only the biological oxidation 
of sulfur and paid no attention to the nitrogen changes which 
might take place in the compost heap. They found that sul fur 
could be oxidized in that manner and that insoluble phosphates 
would be made available. 
REVIE·W OF LITERATURE 
In general workers who investigated the nitrogen changes which 
may take place in stored manures have indicated a loss of that 
element, the amount of  loss depending upon the method of storage . 
Voorhees ( ' 10 )  found that solid manure stored for periods 
ranging from SO to 1 3 1  days lost an average of 37.6% of  the total 
n itrogen. 
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Frear ( 2) cites an experiment performed by Dr .  Voelcker in  
which he stored manure which contained 12 .8  pounds o f  nitrogen 
per ton under various conditions for a period of one year. The 
manure which was stored in a covered yard lost 1 .4 pounds of its 
nitrogen while that which was stored in a heap lost 3 .2  pounds and 
that spread in an open yard lost 5 .4 pounds. 
Heaclclen and Douglass ( 4) concluded that manure stored under 
arid conditions lost much less nitrogen than when stored under 
humid conditions . They found the content of nitrate nitrogen 
to be unusually high. In one case twenty-seven per cent of the 
total nitrogen was found to be in the form of nitrates. This 
work no doubt indicates unusual activity o f  nitrate bacteria when 
manure i s  kept at a low moisture content. 
The work above quoted as well as other indicates varied losses 
of total nitrogen in stored manures. In contrast to the results 
of  these investigations other workers have indicated that there 
may be an actual gain in nitrogen . 
Tottingham ( 9 )  working with mixtures o f  cow and horse 
manure with and without litter found gains in absolute amounts 
o f  nitrogen after . two weeks and after four weeks of fermentation. 
These gains which in some cases amounted to as high as five 
per cent o f  the total were later fol lowed by decreases. In an 
attempt to i solate the organisms some nitrogen fixers were found 
but no azotobacter. 
As a result o f  this work Fulmer and Fred ( 3 )  investigated the 
nitrogen fixation of  organisms in manure by adding weighed 
amounts of a mixture o f horse manure, cow manure and straw 
to a mannite solution. They found increases in nitrogen of from 
three to four milligrams per hundred grams o f  solution. 
Richards ( 7 )  in a number o f  experiments with horse faeces 
found increases in nitrogen amounting to as high as 39.4 per cent 
of the total a fter an incubation period of 1 19 clays . In his work 
he concluded that the fixation was probably brought about by a 
mixed culture o f  azotobacter and Bacillus lactis aerogenes.  
EXPERI MENTAL 
Knowing that manure usually loses nitrogen when stored for a 
length of time and that these losses can be prevented to a greater 
or less extent by composting with certain material s an experiment 
was started in which biological and chemical changes were noted 
with the hope that a satis factory method of preparing and storing 
a compost could be evolved . Some of the biological activities 
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which were observed in Llie course of the experiment w i ll be noted 
in this paper. 
For the preparation o f  the composts a sufficiently large amount 
o f  fresh horse manure contain ing th� usual amount of straw was 
secured and thoroughly mixed with about one- forth of i ts volume 
uf \1·ell decomposed manure. The mineral 111 ixtnre� which \\:ere 
used in the preparntion were flcnyers of  sn l fnr ,  orthoclase and 
finely ground raw rock phosphate. The series of twenty- four 
composts were mark up as indicated in the fullm1· ing table .  Four 
gallon glazed earthen-ware pot,; were used i n  al l  cases each o f  
which contained three k i lograms o f  manure .. dry \1·eight .  --- - ----- ------ - - - - - -- ---- --�--- ------ ---
POT 
:-.Jo. 
..\ l anure a lone 
KATl'RE OF COM I'OST 
3 Manure alone 
:i ..\fanurc + sulfur 1 5  gr;ims 
7 .\lanun: + su li m 1 5  gram s 
9 M a n u re + s u l f u r  60 grams 
1 1  ..\1  a n u rc: + s u l f ur 60 grams 
1 3  Manur e + raw rock phosphate 30 grams 
1 5  2\Ia nure + raw ruck phosphate 30 grams 
1 7 .:.l anurc + raw rock phu,;phalc 
30 grams + s u l f ur 15 grams 
1 9  ..\!a1111r c  + raw ruck plw,;phalc 
30 grams + s u l f u r  15 grams 
21 2\I anurc + raw rock pho-;phatc 
30 grams + s u l f u r  60  grams 
23 Manure + raw rock pho,phate 
30 grams + s u l f u r  60 gram s 
25 M a n u r e + orthoclasc 30 grams 
27 l\f annr e + o rthoc lasc  30 g rams 
29 ,\fanure + urthocla se 30 grams + s n l f u r  1 5  gram s 
3 1  M a nure + o rthoclasc 30 grams + s u l f u r  1 5  gram s 
33 ?i.Ianu r e  + urthochse 30 gram s + s u l f ur 60 grams 
3 5  lvlanure + orthocbse 30 grams + s u l f u r  60 grams 
37 M a rm re + o rtlwclase 30 grams 
+ raw rock phusphate 30 grams 
39 Manure + orthoc lsac 30 gram s  
+ r a w  r o c k  pho sphate 3 0  grams 
41 l\Ianure + urthoclase 30 gram s + ra\\' rock phos-
phate 30 grams + sul i u r  1 5  grams 
43 ..\lanurc + o rthoclase 30 grams + raw rock phos -
p h a t e  30 g r a m s  + sul iur  1 5  grams 
45 Manure + orthoclase 30 gr;im s + ra w  rock phos-
p hate 30 g rams + su l f u r  60 grams 
47 Manure + orthoclasc 30 gra m s  + raw ruck pho s -___ _ ___ ph_;1tc _ 3 0  grams + s u l f u r  6 0  .c;rams __ __ _ 
l\lo1s1'LRE 

























The composts were made np according· to the above plan on the 
third day of October and were then stored i n  the greenhouse. 
Five weeks after tbey had been prepared and at i ntervals of five 
\Yeeks therea fter, the material in  each pot wa� thoroughly stirred. ;-it 
which time samples were withdrawn for chemical determinations.  
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At the same time SO grams o f  the compost were vveighed out from 
certain pots into sterile Erlenmeyer flasks which contained 250 c. c. 
of water from which subsequent dilutions were made for biological 
counts .  These latter samples were taken f rom pots 1, 5 ,  9, 1 3 ,  1 7, 
2 1 ,  25, 29, 33,  37, 41  and 45, after the composts had been incu­
bated for five and fi fteen weeks respectively and from pots 3 ,  7, 
1 1 ,  1 5 ,  19, 23, 27, 3 1 ,  35 ,  39, 43 and 47 a fter incubations of ten 
and twenty weeks. 
The plate method of counting was used both for bacteria and 
fungi . Dilutions o f  1 to 1 ,000,000 were found to be most satis­
factory for the former and 1 to 500,000 for the latter. Through­
out the work it was found necessary to pour plates from di lutions 
ranging from 1 to 50,000 to 1 to 1 ,000,000 because of the wide 
variation which might occur in the counts. Modified synthetic 
agar ( 5 )  was used in  plating out for bacterial counts and synthetic 
acid media ( 1 1 )  for fungi . The results secured are shown in 
Tables I and IL 
A study o f  these tables will reveal the fact that numbers both 
of bacteria and of fungi are influenced quite markedly in some 
instances both by the different contents of moisture and by the 
chemical nature of the composts. In general no progressive 
increases or  decreases in  numbers o f  bacteria can be•notecl through­
out the entire incubation period. Of all the pots which were 
sampled fourteen showed decreases in bacterial counts while ten 
showed increases from one incubation period to the next. This 
i s  in accord with the work of Murray ( 6 )  i n  which h e  found no 
definite increases or decreases in numbers of bacteria during an 
incubation period o f  six months.  
In practically all cases those composts which were kept at a 
moisture content o f  100% gave higher counts than did those 
which were kept at a moisture content of 1 50% . This is perhaps 
due to the fact that the activities of such aerobic bacteria as the 
nitrate formers are depressed. Chemical tests for nitrates indicate 
this to be a fact since the content o f  nitrate nitrogen was invari­
ably found to be greater in those pots which were kept at a 
moisture content of 100% than in those pots which were kept at 
1 50% . For instance the amount of  nitrate nitrogen in pot 1 1  
was found to be 88 parts per mill ion a fter ten weeks o f  incubation 
\vhile in  the corresponding pot �o.  9 the amount was 274 parts 
per million. Of course the activities o f  anaerobic bacteria would 
increase as the amount of moisture was increased . By  the methods 
used this possible increase could not be detected. 
Check pot 1 which contained a compost of manure alone kept at 
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a moisture content of 1 00% showed a decrease of 77 % in numbers 
of bacteria .  The corresponding pot which was kept at 1 50% 
showed a decrease o f  55  % . These counts are apparently some­
what higher than are those found by other investigators . 
Scheffler and Lemmerrnann ( 8 )  incubated fresh cow dung for 
periods o f  nine, eighteen and twenty-six weeks. They found from 
55 to 1 50 mil l ion bacteria per gram . 
vVyant ( 1 2 )  found that cow manure contained when voided 
60 to 90 mill ion bacteria per gram and that horse manure under 
the same conditions contained 100 to 1 50 million per gram. 
Tottingham (9) found five mil lion facteria in  a gram 0£ 
mixed horse and cow manure. After an incubation period o f  four 
weeks this count increased to 1 10.2 million per gram. In  a mix­
ture o f  cow manure, horse manure and fine wheat straw the 
number o f  bacteria was found to be 25 . 1  mi llion per gram at the 
beginning of a four-week incubation period, at the close o f which 
the number had increased to 2 1 0.5  mill ion per gram. 
l\lurray ( 6 )  found from 12 to 43 mill ion organisms per gram o f  
manure when he  used beef peptone agar . 
In  general tl10:se pots which received applications o f  sulfur have 
a tendency to give lower counts than do the check pots .  This is 
no doubt clue to the acidity which is probably produced by the 
oxidation of the crude su lfur thus producing a condition which is 
unfavorable to bacterial growth. 
That manure treated with sul fu r  will become acid a fter a 
period o f  incubation has been indicated by the work of Ames and 
Richmond ( 1 )  where the water extracts o f  manure-sul fur com­
posts gave an  acid reaction a fter an incubation period of  250 days 
while the untreated compost gave an alkaline reaction. 
The high counts which were obtained in pots , 9, 1 1 , 2 1 ,  23, 29 
ancl 3 1  are rather d ifficult to explain .  I t  i s  possible that sufficient 
bases were present especially in those composts containing ortho­
clase and raw rock phosphate to neutralize any acidity which 
might have been produced dnring the process o f  fermentation.  
The increase in  mineral foods util ized by bacteria may also have 
had a stimulating effect upon their activities . The marked increase 
in pot 37 may be due to the excess o f  minerals present. The 
inhibiting effect of the increased moisture wil l  be again noted in 
this case i f this pot is compared with pot 39. 
Pots 41 and 45 show lower counts than do the checks no 
doubt clue to the presence of  sul fur. Pots 43 and 47 \Yhich con­
tained composts o f  a similar nature as 4 1  and 45 but kept at a 
higher moisture content aga111 indicate the inhibiting effect o f  a 5
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high moisture content in a compost lieap in  depressing bacterial  
activities.  
The differences noted in the counts of fungi can perhaps be 
explained with a little more ease s ince they are somewhat more 
consistent. As was the case with the counts of bacteria no definite 
increase or decrease in  numbers can be noted from one incttbation 
period to the next . 
A n  examination o f  Table I I  will  indicate that the growth o f  
fungi i s  rnarkeclly inhibited by a high moisture content . Almost 
without exception those pots which were kept at  a moisture content 
of 100',k gave higher counts than did those which were kept at 
1 50'/ . The most notable i l lustration o f  this  point i s  perhaps found 
in pot 3 5  which gave a count 96 % higher than the corresponding 
pot 33 .  
T h e  sensitivity o f  fungi to acidic condit ions i s  vvell  indicated 
by the increased counts secu red from those composts made up o f  
manure and sulfur.  A comparison o f  pots 5 ,  7 ,  9 .  1 1 ,  2 1  and 23 
with pots 1 and 3 wil l  i llustrate thi s point  very well .  
In most cases those composts which recei\'ed orthodase and 
raw rock phosphate gave rather low counts of fungi regardless o f  
the fact that sul fur was present in some instances. Perhaps the 
presence of orthoclase had an effect that was inhibitory since the 
pots containing composts o f  manure and phosphorus alone gave 
counts above the checks while those made up of manure, ortho­
dase and raw rock phosphate gave counts which were considerably 
lower. 
Since the pots which contain composts of manure and sulfur  
gave marked increases in numbers o f  fungi a l l  other pots  \vhich 
received � imilar material would be expected to give like results . 
Thi s was found to be true in most cases.  Pots 2 1  ancl 23 fol lowed 
this  assumption as  did also pots .33 and 35 a fter they hacl been 
incubated for fi fteen weeks . 
Pots 4 1 ,  43, 45 and 47 gave rather low counts in spite o f  the 
fact that they contained applications of sul fur .  This  may b e  due 
to the presence o f  orthoclase as  was  previously noted. The acidity 
may also have been neutralized by the bases p resent as  first pro­
duced since there seemed to be a gradual increase in numbers from 
one period to the next indicating the crettion of more optimum 
conditions .  This  latter assumption seems to receive proo f i n  the 
fact  that  the pots which received the larger applications o f  sulfur 
gave higher counts . 
COC'>CLGSIO :\S 
1 .  From the work it appears that aerobic bacteria are quite 6
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active in normal manure composts especial ly i f  those composts are 
kept at one-hal f sa turation. 
2. Sulfur in a manure compost has a depressing effect on the 
numbers of bacteria due to the acid reaction produced . 
3 .  The presence o f  orthoclase and especially the presence o f  
raw rock phosphate seems t o  have a stimulating effect upon the 
numbers of bacteria. 
4. The activities o f  fungi in compost heaps are markedly 
depressed by a moisture content of 1 50% . 
5 .  The presence of sulfur in  a manure compost has a stinrn­
lating effect on the growth o f  fungi clue perhaps to the acid 
reaction. 
6. The presence of orthoclase apparently has a depressing effect 
upon the growth of fungi . 
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TABLE I 
NUMB.ER O F  BACTERIA PER GRAM O F  MANURE CALCULATED TO DRY WEIGHT 
�o� ] 
�ATLRI·'. OJ<' COMPOSTS 
--- 1 --- ---
1 M anure onlv 
3 Man ure only 
5 J\Ia n u r e  + Su l fur 1 5  grams 
7 :\Janure + Sulfur  1 5 'grams 
9 J\Janure + S u l fur 60 grams 
1 1  J\lanure + Su l f ur 60 grams 
1 3  J\l anure + Raw Rock P h osphate 30 grams 
1 5  J\ Ian ure + R a w  Rock P h o s phate 30  grams 
17 J\f anure + Ra w  Rock Phosphate 30 grams + Su l fu r 
1 5  gram s 
1 9  Manure + Raw Rock Ph osphate 30 gram s + Sul fu r 
1 5  gram s 
21 Jl.fanurc + lfaw Rock Phosphate 30 grams + Su l fur  
60  grams 
23 J\I anurc + Raw Rock Phosphate 30 grams + Sul fur  
60 grams 
25 .:vianurc + O rthoc lase 30 grams 
27 ' :\Ianure + Orthoclase 30 grams 
29 I :\fanurc + Orthoclase 30 grams + Sulfur  15 gram s 
3 1  :\lanu re + Orthoclase 30  grams + Sulfur  1 5  grams 
33 Manure + O rthoclase 30 grams + Su l fur  60 gram s 
35 I' Manure + Orthoclase 30 gram s +  S u l f u r  60 gram s 
37 :\ianure + O rthoclase 30 gram s + Raw Rock Phosphate 
30 grams 
39 ] Manure + O rthoclase 30 grams + Raw Rock Phosphate 
30 gram s 
41 I :\-Ianure + O rthoclase 30 grams + Raw Rock Phosphate 
30 grams + S u l f u r  15 grams 
43 Manure + O rthoclase 30 grams + Raw Rock Phosphate 
30 grams + S u l f ur 1 5  grams 
45 :\[anure + Orthoclase 30 grams + Raw Rock Phosphate 
1 30 grams + S ul f u r  60 grams 
47 ! Manure + O rthoclase 30 grams + Raw Rock Phosphate 
I 30 grams + S u l fur  60 grams 
� 
PERCENT FIRST SECOND 
MOISTURE PERIOD PERIOD 
--wo-- 41 7,83 1 ,5 1 6  

























1 45,614 . 3 l2 l 541 ,905,000 
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166, 1 64,750 
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NUM B E R  O F  FUN GI PER GRA.M OF MANURE CALCULATED TO DRY W E I GHT 




Manure on ly --100- ----5f3,600 
11 an ur e  onlv  1 50 
J\fannrc + Su l fu r  1 5  grams ! CO 
:M a n u re + S u l f u r  1 5  grams 1 50 
l\lanure + S u l f u r  60 gram s 100 
l\fanurc + Sulf ur 60 gram s 1 50 
.\f anure + l�aw Rock Phosphate 30 gram s 1 CO 
;\lanure + H. a\\" Rock Phusphate 30 grams 1 50 
l\ l a n nr e  + Ra w  Rock l'hosphatc 30 grams + S u l f u r  
1 5  gram s 
J\fanure  + }{a \\" Rock Ph osphate 30 grams + S u l fu r  
1 5  gram s 
1\1 anurc + Raw Rock P h o sphate 30 grams + S u l f u r  
6 0  grams 
J\f a n ur e  + Ra\\- Rock P h o sphate 30 grams + Sul fu r  
6 0  grams 
1\1 an nrc + O rthoclase 30 grams 
;\f anure + O rthoclasc 30 gram s 
:\J ;qrnre + Orthoclase 30 grams + S u l f ur 1 5  grams 
l\famire + O rthoclase 30 grams + Sul_[ u r Li grams 
Jvfanur c + Orthoclase  30 g ra m s  + Sulfur 60 gram s 
1 1anure  + Orthoclase 30 grams + Sultur  60 gram s i 
l\l an u re + O rthoclase 30 gram s  + f{aw Rock Phosphate i 
30 grams 
l\lanure + Orthocla:;e  30 gram s + Raw 
30 grams 
l\lan u r c  + O rthoclase 30 gra m s + Raw 
30 grams + S u l i ur 1 5- grams 
Manure + O rthoclase 30 gram s + Raw 
30 grams + S u l fu r  15 gram s 
Manure  + Orthoc b s e  3 0  gra m s  + l�aw 
30 grams + Su l f u r  60 grams 
Manure + Orthoclase 30 grams + Raw 
30 grams + Su l f u r  60 grams 
Rock Phosphate I 
i 





















6,91 2, 500 1 
1 3, 326,000 
5 ,298,000 1 
224,480 
27,000,000 
1 1 9,070 
143 ,856 
2,425,000 
1 29 , 59-l 
86,905 
58.094 
S F.CO ND 
P ER10D 
430,41 2  
3 ,081 ,631 i 
25,0 1 1 ,000 
2,987, 5 1 7 
84,385 
4,6 1 7,000 
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3,467, 1 50 
1 3 , 1 25, 000 
5 . 1 66, 000 
2 1 ,472,000 ' 
721 , 500 , 
25 ,608,000 
5 58,450 ! 
3 ,475,025 : 
2, 1 57,625 
2,590,200 




9 , 1 53 ,862 
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